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We have shown recently that an occipital correlate of the electric phosphene can be recorded
by a summation technique. We have named this phenomenon the electrically evoked response
(EER) of the visual system. The present report concerns an attempt to locate the retinal cell
of origin of the EER. For this purpose we have utilized a strain of rats reported by Bourne,
Campbell, and Tansley,* and by Dowling and Sidman,5 in which the retinal receptors degen-
erate during the first month of life. By recording from the dura over the visual cortex we have
been able to demonstrate that in animals with complete loss of receptor segments and nuclei,
the light evoked response (VER) and electroretinogram (ERG) is absent; in these same animals
the EER is normal. Together with previously reported findings, this conclusively eliminates
the receptor cell as the site of origin of the EER as recorded by us.
Key words: electrically evoked response (EER), visual evoked response (VER),
electroretinogram (ERG), rat, hereditary retinal degeneration.
_Lhe electrically evoked response (EER)
is the potential change recorded over the
occipital lobe on electrical stimulation of
the globe. It is the electrically evoked
analogue of the visual (light) evoked re-
sponse (VER).1
In a recent report based on dark adapta-
tion studies and findings in retinitis pig-
mentosa, we suggested that the visual cell
was not the cell of origin of the EER.2 We
have utilized several experimental animal
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preparations to shed more light on the
problem. In a preliminary report to the
Association for Research in Vision and
Ophthalmology3 we described how iodate
and iodoacetate-treated rabbits were unsat-
isfactory models because the retinal dam-
age from each of these toxic substances
was nonuniform over the retinal area.
Spotty areas of the retina were left unaf-
fected by both iodate and by iodoacetate.
At the suggestion of Dr. John Dowling we
decided to utilize the strain of rats with
hereditary retinal dystrophy, first described
by Bourne, Campbell, and Tansley,4 and
studied later by Dowling and Sidman.5
These animals, although ostensibly normal
for the first 15 days of life, show progressive
disintegration of receptor outer segments
after that time, followed by loss of receptor
cell nuclei. By 60 days of age the receptor
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cells have completely disappeared, as has
the electroretinogram (ERG). The remain-
ing retinal layers appear intact anatomi-
cally and continue to have this appearance
until at least one year of age.5
This retina, where receptor cells are
missing in their entirety and the remaining
retina is essentially intact, represents an
ideal test object for exploring the function
of the receptor cell in the EER; this paper
deals with that subject.
Methods
The rats used were from the strain originating
in England and maintained at Harvard University.
They were made available to us by Dr. Richard
Sidman. Control animals were albino rats of com-
parable age, purchased from Sprague-Dawley, Inc.,
Madison, Wis.
The animals were anesthetized with intra-
peritoneal Nembutal, 4.0 mg. per 100 Gm. of
body weight. An additional 1.25 mg. per 100 Gm.
was given one hour later and each hour thereafter
for the duration of the experiment. An airway
was created by tracheotomy. Body temperature
was maintained by keeping the animal on a heat-
ing pad at 37° C. The animal was held in the
Stoelting stereotaxic instrument for the rat, even
though electrode placement was limited to the
surface of the brain.
After anesthesia and positioning, the cranium
was opened with a small dental burr driven by a
motorized flexible shaft tool. The dura was ex-
posed over the visual cortex by removing the
bone with a small hemostat until the required area
was accessible. Recording was accomplished with
chlorided silver ball electrodes (approximately 1
mm. in diameter) on the dura. The lambda was
used as the reference point for electrode place-
ment. The active electrode was positioned 3 mm.
anterior and 4 mm. lateral to the lambda. The
inactive electrode was placed 3 mm. anterior and
1 mm. lateral (opposite side to the active elec-
trode) to the lambda. The active electrode was
contralateral to the stimulated eye.
The problems of stimulus isolation, which are
severe in man, are even more severe in an animal
as small as the rat. Our best solution was obtained
by making the inactive electrode a chlorided silver
loop (5 mm. in diameter). This circular loop was
placed concentric with the limbus and served to
limit spread of the stimulus beyond the eye. The
active electrode was a chlorided silver hemisphere
(2 mm. in diameter). The flat equatorial section
made contact with the eye within the perimeter
of the inactive electrode; the lead was attached
at the pole of the hemisphere. The above descrip-
tion is for convenience and does not imply undue
precision in construction. We used a fused sphere,
the outer half of which had been filed flat. The
electrical pulse was a square wave delivered by a
Tektronix pulse generator as described before.1
In all of the following procedures the active elec-
trode was positive and the stimulus was a current
of 5 ma. delivered for 2 msec.
The animal was grounded with a separate sub-
cutaneous needle electrode.
Photostimulation for VER and ERG was done
with the Grass PS-2 photostimulator, 10 cm. from
the eye. Intensity setting was 16; no filter was
used in these experiments.
The EER was amplified by preamplifier and
postamplifier. Fifty responses were summated in a
small, special-purpose computer and written out
on an X-Y plotter, just as was done for the human
EER1 and VER.6 The ERG was recorded from
the same electrodes used for delivery of the EER
stimulus. This explains its small amplitude in the
normal controls.
Results
Fig. 1 is an electron micrograph of the
retina of one of the experimental rats fol-
lowing the electrophysiological measure-
ments. It is clear from this photograph
that, although choriocapillaris is intact on
the outside and inner nuclear layer is intact
on the inside, the receptor cell segments
and nuclei (outer nuclear layer) are only
a narrow layer of disorganized debris.
Fig. 2 shows the ERG, VER, and EER
of a normal control compared to the rec-
ords of two animals with congenital ret-
inopathy (ages 102 and 108 days, respec-
tively ).
Fig. 3 shows the ERG, VER, and EER
of a second normal control compared to
the right eye and left eye of a 127-day-old
animal with congenital retinopathy.
It is clear from these figures that the
ERG and VER are completely absent in
the animals with retinopathy, whereas the
EER is unaffected.
Discussion
On the basis of the relative absence of
influence of state of adaptation on the
EER, we suggested previously2 that the
receptor cell was not the site of origin of
the EER, or at least that portion beginning
20 msec, after the stimulus that can be
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Fig. 1. Electron micrograph of the outer portions of the retina of a rat, age 127 days, with
hereditary retinal degeneration, IP = inner plexiform layer—normal, IN = inner nuclear
layer—normal, DR = degenerated retina comprising the outer plexiform layer, the outer
nuclear layer, the receptor segments, and the pigment epithelium. Scattered melanin granules
from the degenerated pigment epithelium may be seen in this area. CC — choriocapillaris—•
apparently normal.
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Fig. 2. ERG, VER, and EER in (A) a normal con-
trol animal, (B) a rat, age 102 days, with hereditary
retinal degeneration, and (C) rat, age 108 days,
with hereditary retinal degeneration.
recorded by us. The additional evidence
presented here seems to us to be conclusive
proof that the suggestion was correct.
We have no justification to date in de-
ciding what is the cell of origin but an
examination of the latencies of several
types of electrophysiological measurements
may give us a hint.
When one stimulates the eye of a con-
scious human subject with light, and re-
cords the VER with occipital scalp elec-
trodes and some type of summation tech-
nique, the peak time of the first occipital
negative response is 39 ± 4 msec. The peak
time of the second occipital negative re-
sponse—usually the major component of
the VER—is 73 ± 6 msec. These figures
given by Ciganek7 are in agreement with
those of other authors and correspond to
our own experience.
In marked contrast to this are the animal
experiments in which the stimulus is an
EER
Fig. 3. ERG, VER, and EER in (A) a normal
control animal, (B) in the left eye of a rat, age
127 days, with hereditary retinal degeneration,
and (C) in the right eye of same rat.
electric pulse to the optic nerve of the
anesthesized cat and the recording micro-
electrode penetrates the cerebral cortex.s> 9
In these experiments, the primary response
consisted of fours or five spikes with
latencies of 1.6, 2.7, 3.3, and 4.2 msec, or
five with latencies of 0.4, 1.2, 2.4, etc.
msec.10 Of these, the first three were
thought to originate in afferent fibers and
only the fourth was thought to be cortical
in origin. After the spikes, the "slow wave"
or "late potential" follows with a peak
latency of about 15 msec. This must neces-
sarily be from visual cortex.
The experimental arrangement with our
rats falls somewhere between the two
situations mentioned above. We stimulate
the eye with light or an electric pulse. We
pick up from a ball electrode over the
dura rather than on the scalp. However,
when one considers the latency of the rec-
ord from light stimulation, it is much
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more like the human VER than like the
cat response to optic nerve stimulation.
There is a single peak at 51 msec. The EER
shows a single peak at 49 msec. This find-
ing strongly suggests to us that, whereas
the signal we record in VER and EER is
cortical and corresponds to the "late po-
tential," the major source of the time dif-
ference between the two categories of ex-
periments lies in the presence of the retina
in the system.
Some estimate of retinal latency can be
obtained from experiments where optic
nerve discharge is recorded after light
stimulation or where ganglion cell layer
potentials are recorded by intraocular elec-
trodes.11' 12 Retinal delays indicated by
these experiments run 15 to 25 msec.11 and
as much as 60 msec.12
The conduction time in optic nerve.,
optic tract, and optic radiations is extremely
rapid, ranging in the most extreme values
reported from 3.5 to 70 meters per second,
with maximum amplitudes at 15 to 25
meters per second.13 The difference in dis-
tance from eye to visual cortex in human
beings, as compared to that in the rat, is
accounted for completely by this type of
conductivity. If the difference in distance
is 14 - 2 = 12 cm., the decrease in con-
duction time for the maximum amplitude
response is 5 to 8 msec, and for the fastest
time, 2 msec. This eliminates the dimen-
sional difference from serious considera-
tion.
A final question deals with how much
the normal retinal delay is diminished by
eliminating the first—photoreceptor—stage
in our dystrophic experimental animals. In
the case of our rats there was no signifi-
cant difference between peak time for
VER in the normal controls (51 msec.)
and for the EER in the retinopathic ani-
mals (50.8 msec). This is not to suggest
that the delay in the receptors is negligible,
for the rats are of two different strains. It
does suggest that elimination of the re-
ceptors does not eliminate a major part of
the retinal delay.
To summarize, the VER response in the
rat, when recording is done with a ball
electrode on the dura, consists of a single
peak which, in amplitude and latency, re-
sembles a portion of the human VER.
There is no earlier response in the rat
than the peak whose latency is approxi-
mately 50 msec. The EER, when recorded
by us, shows one peak with a comparable
latency. This peak appears in the EER of
normal and of dystrophic animals. This
finding strongly suggests to us that the
greater part of the retinal delay is inserted
in the EER system. It makes us think that
our current is stimulating the region of
bipolar, horizontal, amacrine cells with its
inhibitory connections, rather than ganglion
cell or optic nerve fibers.
This does not exclude the remote pos-
sibility that direct stimulation of the optic
nerve by our current causes an earlier re-
sponse unique to the EER which is lost
in the stimulus artefact of the first 20 msec.
However, we consider this unlikely because
of the experiment of Brindley14 on the hu-
man electric phosphene. Brindley demon-
strated that when retinal circulation was
shut off by pressure on the globe, the ob-
served electric phosphene was abolished.
The currents used by us in the rat experi-
ments are at the level which elicits the
human phosphene and are tolerated by
the human subject. With these currents it
appears that optic nerve stimulation does
not occur.
The question can be brought up again
whether our EER represents a portion of
the stimulus artefact. A year ago we an-
swered this question for the rabbit by
showing that the first EER peak with a
latency of 40 msec, corresponding to an
exactly similar peak in the VER, was
abolished by intracranial section of the
optic nerve.15 A detailed account of these
experiments has been submitted for pub-
lication.10 Because the eye-brain distance
is even smaller in the rat than in the
rabbit, the question might be asked once
more. For this reason we have repeated
the above experiment on the rat with iden-
tical results. Intracranial section of the rat
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optic nerve abolishes EER and VER, leav-
ing ERG unaffected. The response which
we designate EER is not stimulus artefact.
The potential value of the findings re-
ported in this paper is considerable. The
VER is a measure of function of the entire
visual pathway from receptor outer seg-
ment to occipital cortex. However, when
retinal receptors are impaired, there has
been no such measure of the remainder of
the visual system; the EER affords such
a measure. Furtherfore, comparison of
VER and EER with normal controls is a
measure of the amount of receptor cell
damage in a clinical disease such as reti-
nitis pigmentosa. It is anticipated that the
additional information contributed by these
reports will allow the EER to be used as
a clinical tool.
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